We examined the association between certain clinical factors and aflatoxin B 1 -albumin adduct (AF-ALB) levels in HIV-positive people. Plasma samples collected from 314 (155 HIV-positive and 159 HIV-negative) people were tested for AF-ALB levels, viral load, CD4+ T-cell count, liver function profile, malaria parasitaemia, and hepatitis B and C virus infections. HIV-positive participants were divided into high and low groups based on their median AF-ALB of 0.93 pmol mg −1 albumin and multivariable logistic and linear regression methods used to assess relationships between clinical conditions and AF-ALB levels. Multivariable logistic regression showed statistically significant increased odds of having higher HIV viral loads (OR=2.84; 95% CI=1.17-7.78) and higher direct bilirubin levels (OR=5.47; 95% CI=1.03-22.85) among HIV-positive participants in the high AF-ALB group. There were also higher levels of total bilirubin and lower levels of albumin in association with high AF-ALB. Thus, aflatoxin exposure may contribute to high viral loads and abnormal liver function in HIV-positive people and so promote disease progression.
Introduction
Sub-Saharan Africa is a region that is most heavily affected by the HIV/AIDS epidemic (UNAIDS 2006) . It is estimated that about 22.4 million people are living with HIV/AIDS in the region (about two-thirds of the global total), and 75% of all HIV/AIDS deaths since the beginning of the HIV/AIDS pandemic have occurred in sub-Saharan Africa. Although access to antiretroviral therapy (ART) is decreasing the death toll from AIDS, fewer than half of Africans who need treatment are receiving it (WHO/UNAIDS/UNICEF 2009). Therefore, the impact of AIDS will remain severe in the region for several years to come.
Aflatoxins are a group of extremely toxic fungal metabolites (Gourama and Bullerman 1995) found in staple food crops such as groundnuts, maize, rice and other grains (Freitas and Brigido 1980; Carvajal and Arroyo 1997; Begum and Samajpati 2000; Park et al. 2002) in many developing countries at latitudes between 40°N and 40°S (Williams et al. 2004) . They are potent cytotoxic, carcinogenic, immunomodulatory and immunosuppressive agents (Joint FAO/WHO Expert Committee on Food Additives Pier 1986; Pestka and Bondy 1994; (JECFA) 1998; Omer et al. 1998) . We have shown that high aflatoxin B 1 -albumin adduct (AF-ALB) levels appeared to result in immune impairments in HIV-negative persons (Jiang et al. 2005) and to accentuate some HIV-associated changes in T-cell phenotypes and Bcells in HIV-positive people, that may facilitate HIV-associated immune hyperactivation and lead to more severe disease and disease progression (Jiang et al. 2008 ). Approximately 4.5 billion people are estimated to be chronically exposed to aflatoxin worldwide; therefore, the toll on human health can be considered to be enormous (Williams et al. 2004 ).
Aflatoxin B 1 (AFB 1 ) is usually the predominant and most toxic of the aflatoxins (B 1 , B2, G 1 , G2). It is oxidized to the AFB 1 -8,9-epoxide by the cytochrome P450 enzyme system (Guengerich and Shimada 1991) and this highly reactive epoxide can bind to DNA, RNA and proteins resulting in cancer and toxicity (Eaton and Gallagher 1994) . The most severe effect of aflatoxin in the human body is seen in the liver, the organ generally responsible for detoxifying chemical agents and poisons. In acute aflatoxicosis, binding of the AFB 1 -epoxide to various cellular macromolecules leads to hepatocellular injury and death. In animal experiments and in humans acutely exposed to aflatoxin, liver specimens showed significant necrosis of parenchymal cells and extensive proliferation of bile ducts (Cullen and Newborne 1994) . Previously, we found abnormal liver function (low/high total protein, low albumin and high alanine aminotransferase (AST)) levels in approximately 30-40% of HIV-negative Ghanaians exposed to aflatoxin in the diet (Jolly et al. 2007 ). Chronic aflatoxin exposure has been shown to interfere with metabolism of proteins (Roebuck and Maxuitenko 1994) , food conversion (Shane 1993) , growth (Edds 1973; Marin et al. 2002; Turner et al. 2007) , and a number of micronutrients that are critical to health and immune functioning (Abdelhamid et al. 1990; Harvey et al. 1994; Williams et al. 2004 ).
Pre-existing liver diseases such as hepatitis B virus (HBV) or hepatitis C virus (HCV) may compromise the ability of hepatocytes to inactivate carcinogens such as aflatoxin (Zhou et al. 1997) . Further, aflatoxin and HBV have been shown to work synergistically to increase the risk of liver cancer (Peers et al. 1987; Wild et al. 1992) . Previously, we found that 31% of HIV-negative Ghanaians were positive for hepatitis infection (16.4% for HBV, 14.3% for HCV). Thus, certain clinical factors may predict high aflatoxin levels in humans, especially in HIV-positive individuals who already suffer the severe compromising health effects of HIV. HIV-positive people are shown to have high rates of liver injury (indicated by elevation of liver enzymes and/or bilirubin levels) that may be due to medication, HBV, HCV co-infections and/or alcohol use (Bonacini 2004) . Drug-induced liver injury may be due to highly active antiretroviral therapy (HAART) with drugs such as ritonavir or antituberculosis medications (Sulkowski et al. 2000; Soriano et al. 2008) . Malaria infection is the number one cause of morbidity accounting for 40-60% of out-patient visits in Ghana (Asante and Asenso-Okyere 2003) . Thus, malaria and HIV are two major diseases of public health importance in sub-Saharan Africa. The immune suppression that occurs in HIV infection has been shown to be correlated with increases in the incidence of clinical malaria (Martin-Blonde et al. 2010) . Although the role of subclinical malaria is uncertain, transient elevation of HIV viral load during febrile malaria episodes occurs.
Thus, we conducted this study to measure and compare AF-ALB levels in plasma of a group of HIV-negative and positive Ghanaians and to examine the differences in clinical factors such as viral load, CD4 count, liver function parameters, and HBV, HCV and malaria infections among the HIV-positive participants who have lower and higher AF-ALB levels.
Materials and methods

Participant recruitment, data and sample collection
A cross-sectional study of AF-ALB levels in HIV-negative and positive people was conducted in the Kumasi, a heavy maize and groundnut producing and consuming area of the Ashanti region of Ghana. Approval for the study was obtained from the Institutional Review Board, University of Alabama at Birmingham (UAB), and the Committee on Human Research, Publications and Ethics, School of Medical Sciences, Kwame Nkrumah University of Science and Technology (KNUST), Kumasi. A total of 314 (159 HIV-negative and 155 HIV-positive) people gave informed consent and participated in the study. Participants completed a survey on socio-demographic factors such as age, sex, education, occupation and household living conditions. A blood sample (20 ml) was collected from each participant in EDTA vacutainer tubes by trained clinical personnel. The blood was separated into plasma and peripheral blood mononuclear cells (PBMCs) in the laboratories of the Kumasi Center for Collaborative Research (KCCR) in Tropical Medicine, KNUST. After centrifugation the plasma was aspirated and stored frozen at −80°C. PBMCs were prepared using Ficoll-Hypaque density gradients as conducted previously (Jolly 1997 ) and cell viability was checked. PBMCs were stored frozen in liquid nitrogen and shipped to the UAB for determination of CD4+ T-cell counts. Plasma samples were also shipped to the UAB for determination of AF-ALB levels, liver function tests, HIV viral load, HBV surface antigen, HCV antibody and malaria antigen. All HIV-positive and some HIV-negative study participants were recruited from a hospital that cared for both HIV-positive and -negative persons. HIV-positive study participants had previously been tested for HIV and their positive test results were available in their medical charts. HIV-negative participants were either clients at the hospital or persons from the community without a HIV diagnosis. Their plasma samples were tested for HIV using the Coulter p24 antigen assay (Coulter Corporation, Miami, FL, USA) and those confirmed negative were included as HIVnegatives in the study.
Determination of AF-ALB levels in plasma by radioimmunoassay (RIA)
AF-ALB levels in plasma were determined in the laboratory of Dr J.S. Wang using RIA as published previously (Wang et al. 1996) . Briefly, plasma samples were concentrated by high-speed centrifugal filtration using Microcon-50 microconcentrator with a 50,000 mol. wt. filter cut-off and resuspended in 100-150 μl phosphate-buffered saline (PBS). The amount of plasma albumin was determined in each sample by a bromocresol purple dye binding method (Sigma, St. Louis, MO, USA), and the amount of total protein determined using the Bradford procedure (Pierce Biotechnology Inc., Rockport, IL, USA). The total protein per sample was then digested with Pronase (Calbiochem, La Jolla, CA, USA) and bound aflatoxin extracted with acetone. The supernatant was dried in vacuo using a Savant Speed-Vac Concentrator and AF-ALB quantified by the RIA procedure (Wang et al. 1996) . Normal human serum/plasma samples purchased from Sigma-Aldrich and authentic AFBalbumin standard were used for QC purposes. The accuracy of the analysis based on 3 days ranged from 93.3% to 96.3% for LQC (0.1 pmol AF-ALB) and from 92.2% to 97.3% for HQC (2 pmol AF-ALB). The within-day imprecision was 5.9% (n=15) for LQC and 2.9% (n=15) for HQC. The overall variation of inaccuracy and imprecision rates were within 10%. The average recovery (0.1-5.0 pmol AF-ALB) was 88.1% ± 5.2%. The values were expressed as pmol AF-ALB mg −1 albumin and the limit of detection for the assay is 0.01 pmol mg −1 albumin.
Tests of liver function (aminotransferases, bilirubin, total blood protein and plasma albumin)
Hepatic function tests were conducted on plasma from participants at the UAB Hospital Laboratory. This included tests of the liver enzyme aspartate aminotransferase (AST) and alanine aminotransferase (ALT), liver transport (total, direct and indirect bilirubin), and liver synthesis (albumin and total protein). The normal range values were based on those reported in the University of Alabama Hospital Laboratories Bulletin of Information, Revised October 2002.
Determination of CD4+ T-cell counts
The absolute CD4 count is a calculated product of the total lymphocyte count and the percentage of lymphocytes that are CD4+ T-cells are determined by flow cytometry. Absolute lymphocyte counts were derived from the white blood cell (WBC) counts and leukocyte differential counts which were performed in the laboratory of the Department of Biochemistry, KNUST. Circulating CD4+ T-cell populations were determined by flow cytometry using fluorescein FITC-labelled monoclonal antibody against CD4 (BD PharMingen, San Diego, CA, USA). Isotype-matched controls (BD PharMingen) were used in all experiments. Briefly, cells were washed and stained with monoclonal antibodies for 30 min in the dark at 4°C, washed twice with staining buffer (PBS supplemented with 0.1% sodium azide and 1% FBS pH 7.4, BD PharMingen) and fixed in 4% paraformaldehyde in buffered PBS (BD PharMingen). The cells were subsequently run on a FACS-Calibur instrument and analysed using CellQuest software. Cells were gated on a live peripheral blood lymphocyte population identified by forward-and side-scatter parameters, and at least 10,000 cells were acquired.
Quantitative HIV-1 RNA assay for HIV viral load HIV-1 RNA was measured using a quantitative reverse transcriptase polymerase chain reaction assay (Amplicor Monitor, Roche Diagnostic System, Brandersburg, NJ, USA). Virus from 0.2 ml of plasma was lysed in the kit lysis buffer and the HIV RNA was precipitated using isopropanol and pelleted by centrifugation. After washing with ethanol, the RNA was resuspended in the kit dilution buffer. Extracted RNA was amplified and detected according to the manufacturer's instructions, and the results were reported as HIV RNA copies ml −1 . All undetectable values (below 400 copies) were assigned a value of 399.
Test for antibodies to HBV surface antigen
Antibody to HBV surface antigen (HBsAg) in plasma samples was determined using the Bio-Rad Enzyme Immunoassay according to the manufacturer's directions (Bio-Rad, Redmont, WA, USA). Briefly, 100 μl of specimens or controls were added in duplicate to appropriate wells on a microwell strip plate coated with mouse monoclonal antibody to HBsAg (anti-HBs) and incubated for 60 min at 37°C. After washing, 100 μl of peroxidaseconjugated mouse monoclonal antibodies against HBsAg were added to each well and the plate was incubated for 60 min at 37°C. The plates were then washed and 100 μl of tetramethylbenzidine (TMB) substrate solution were added to each well and incubated in the dark for 30 min at room temperature. The reaction was stopped with the addition of 100 μl of stopping solution to each well and the plate was read on a spectrophotometer at 450 nm. A sample was considered initially reactive for anti-HBs if the absorbance was greater than or equal to the cut-off value. The cut-off value was determined by the addition of 0.070 to the mean absorbance value of the negative controls. Positive samples were determined by repeated reactivity in duplicate tests.
Test for HCV antibody in plasma
Qualitative detection of antibody to HCV in plasma was conducted using the Abbott HCV Enzyme Immunoassy according to the manufacturer's directions (Abbott Laboratories, Abbott Park, IL, USA). Briefly, 10 μl of each specimen or control were dispensed into test tubes and diluted using 400 μl of diluent. After mixing, 200 μl of each specimen or control were transferred to appropriate wells of a reaction tray. One polystyrene bead coated with recombinant HCV antigen was added to each specimen or control and incubated at 40°C for 1 h. After washing, horseradish-conjugated goat anti-human antibody (200 μl) was added to each well and incubated at 40°C for 30 min in a water bath. The beads were then washed, transferred to assay tubes and incubated with 300 μl of o-phenylenediamine.2HCl (OPD) substrate solution at room temperature for 30 min. The reaction was stopped with 1N sulfuric acid and read on a spectrophotometer at 492 nm. Test samples with an optic density (OD) greater or equal to the mean absorbance of the three negative controls plus 0.25 times the mean absorbance of the three positive controls were considered initially reactive by the criteria of ABBOTT HCV EIA 2.0. Positive samples were determined by repeated reactivity in duplicate tests.
Determination of malaria infection
We conducted a Malaria Antigen Celisa assay (Cellabs Pty Ltd, Brookvale, Australia) for the detection of Plasmodium falciparium antigen in the plasma of study participants. The assay detects a P. falciparium merozoite antigen that circulates in the blood for up to 14 days post-infection. Briefly, microwells were precoated with anti-P. falciparium monoclonal capture antibody. Plasma samples (100 μl) were added to the coated wells and P. falciparium malaria antigen was allowed to bind (if present) for 1 h in a humid chamber at room temperature. Positive and negative samples were run in the assay. The plates were washed to remove unbound material and 100 μl horseradish peroxidase labelled anti-malaria monoclonal indicator antibody conjugate were added to each well to bind any captured P. falciparium malaria antigen. The plate was incubated for 1 h in a humid chamber at room temperature, then washed and 100 μl of fresh enzyme substrate solution (Chromogen) were added to the test wells and incubated in the dark for 15 min at room temperature. The reaction was stopped using 50 μl of stopping solution and the plate read at 450nm in a spectrophotometer blanking the machine on air. The absorbance value of the negative control should be less than 0.1 OD units for the assay to be valid. The cut-off level was determined by adding 0.1 to the value of the negative control. Specimens with an absorbance value above the cut-off were considered positive for P. falciparium antigen. This assay has been shown to detect P. falciparium infection at parasitaemias as low as 0.001% and has a sensitivity and specificity of 98% and 96%, respectively.
Statistical analysis
Data from the surveys and clinical tests were entered into Microsoft Excel and imported into the SAS software package version 9.1 (Statistical Analytical System, Gary, NC, USA) for statistical analysis. Means and standard deviations were obtained for the distributions of the selected variables by HIV status (Tables 1 and 2 ). The Student's t-test was performed to evaluate the significance of the differences between the groups. Absolute and relative frequencies (N and %) were obtained for the distributions of the selected variables by aflatoxin levels above and below the HIV-positive population median of 0.93 pmol mg −1 albumin (Table 3) . The mean and standard deviation (SD) for the HIV-positive groups with AF-ALB above and below the median were 1.42 ± 0.53 and 0.57 ± 0.22 pmol mg −1 of albumin, respectively. Log transformation of the AF-ALB data prior to analysis did not result in differences in the results. Thus, we present the results as shown. Logistic regression was used to determine the association between clinical results and AF-ALB (Table 3 ). CD4 was categorized as shown in Table 3 based on the 1993 revised classification system by the Centres for Disease Control and Prevention (CDC) (1992) . The viral load categorization was based on published research that showed that people with viral loads below 10,000 copies ml −1 of blood did not show disease progression in greater than a 9-year period compared to people with higher viral loads (Rinaldo et al. 1995) and on the World Health Organization's designation of viral loads of >10,000 copies ml −1 as evidence of virological failure (WHO 2000) . Variables that were statistically significant at p<0.1 on bivariate analysis and those known to be associated with aflatoxin based on the extant literature were incorporated into models using the backward step-wise technique (Hosmer and Lemshow 2000) . Crude odds ratios and 95% confidence intervals (CI) were generated as measures of association for all variables by aflatoxin levels above and below the median aflatoxin level. Multiple linear regression analysis was also employed to assess the relationship of aflatoxin levels in plasma with clinical factors (Table 4 ). Table 1 shows differences between the sociodemographic characteristics of the HIV-positive and -negative groups. The two groups did not differ by age. However, HIV-positive participants had significantly (p<0.01) higher number of total persons and children in their households and received significantly higher monthly incomes. There was no significant difference between the HIV-positive and -negative participants in terms of HBV infection and malaria parasitaemia. HIV-positive individuals were more likely to have levels of aflatoxins above the median level compared with HIV-negative persons (p=0.01). Other characteristics of the participants are shown in Table 1 . Table 2 shows that HIV-positive participants had significantly higher total protein, lower serum albumin, higher indirect bilirubin, and higher ALT and AST levels than HIV-negative participants (although indirect bilirubin and ALT were within the normal reference range for both groups). AST was above the normal range for both groups (especially the HIV-positive group) but elevated AST is not exclusive to liver damage and might reflect damage to other tissues. The mean AF-ALB level for the HIV-positive group (mean ± SD=1.06 ± 0.60 pmol mg −1 albumin) was significantly higher (p=0.01) than that of the HIV-negative group (mean ± SD=0.91 ± 0.46 pmol mg −1 albumin) (Table 2 and Figure 1 ). AF-ALB levels for the total group ranged from 0.00 to 3.48 pmol mg −1 albumin (mean ± SD=0.99 ± 0.54 pmol mg −1 ; median=0.86 pmol mg −1 ). For the HIV-positive group AF-ALB ranged from 0.00 to 3.48 pmol mg −1 albumin; median=0.93 pmol mg −1 ), and in the HIV-negative group from 0.12 to 3.00 pmol mg −1 albumin (median=0.81 pmol mg −1 ).
Results
HIV-positive study participants were divided into low and high AF-ALB groups based on the group median AF-ALB level of 0.93 pmol mg −1 albumin (low AF-ALB=<0.93 pmol mg −1 ; high AF-ALB= ≥0.93 pmol mg −1 ) for bivariate and multivariable analyses. The difference in CD4+ T-cell counts between the two groups was not statistically significant by either analysis (Table 3) . By bivariate analysis there was no significant association between HIV viral load and AF-ALB level (OR=1.02; 95% CI=0.54-1.95). Participants with high AF-ALB levels were more likely to have low levels of total protein though this was not statistically significant (OR=2.26; 95% CI=0.41-12.57). Also, there were non-significant increased odds of having low albumin, high AST, high total and indirect bilirubin levels, and of being positive for hepatitis B and malaria infections with higher AF-ALB levels. However, on the contrary, there was a statistically significant likelihood of having high direct bilirubin levels with high aflatoxin levels (OR=8.95; 95% CI=1.09-73.69).
In multivariate analysis, while the associations between the dependent variables maintained the direction of their relationships with AF-ALB levels as seen in the bivariate analysis, the statistically significant findings were the increased odds of having higher HIV viral loads (OR=2.84; 95% CI=1.17-7.78) and having higher direct bilirubin levels (OR=5.47; 95% CI=1.03-22.85) with higher aflatoxin levels.
When the dependent variables and AF-ALB levels were entered into linear regression models as continuous variables (Table 4 ), higher levels of AF-ALB were associated with lower levels of albumin (p=0.01). On the other hand, participants with higher AF-ALB levels were more likely to have higher total (p=0.01) and direct bilirubin (p=0.01) levels.
Discussion
We investigated the association between certain clinical parameters and AF-ALB levels among HIV-positive and -negative individuals. Almost all (99.4%) of the HIV-positive and all (100%) of the HIV-negative populations were positive for AF-ALB in blood. This is in agreement with a previous report of AF-ALB levels in the Ashanti Region of Ghana (Jolly et al. 2006 ). The results suggest that in regions of aflatoxin exposure HIV-positive people are more likely to have higher levels of AF-ALB in their blood compared with HIV-negative individuals. This observation may be connected to the impaired liver function that has been demonstrated in HIV-positive individuals (Feczko 1994) . It is possible that HIV-positive individuals have a decreased ability to detoxify aflatoxin metabolites. Studies in bovine hepatocytes show that AFB 1 biotransformation which results in hydroxylated and demethylated metabolites as well as AFB 1 epoxides involves the cytochrome P450 enzyme system (Kuilman et al. 2000) . In human hepatic cells it is thought that the cytochrome P450 isoenzymes CYPIA and CYP3A contribute to the formation of these metabolites (Kuilman et al. 2000) . The high AF-ALB results are consistent with the outcome of liver injury, i.e., increased CYPs (phase I metabolism) and decreased GSTs (phase II metabolism). AF-ALB is the product of phase I metabolism mediated by CYPs. We believe that HIV-induced inflammation and liver injury may stimulate CYPs for AFB metabolic activation (phase I metabolism) and decrease GSTs, which further accumulate AFB-epoxide and an increased AF-ALB level in the blood. On the other hand, both HIV-induced malnutrition and liver injury can decrease overall albumin (made in liver) concentration, which serves as denominator for the AF-ALB assay. Even at the similar AFB dietary exposure, it is reasonable that HIV patients had higher level of AF-ALB than non-HIV patients. However, it is also possible that aflatoxin is responsible for the liver disease since aflatoxins induce injury to both hepatic parenchyma and the biliary tract (Becker 2004) . Antiretrovirals (ARVs) could also play a major role in liver toxicity in HIV-positive patients on treatment (Sulkowski et al. 2000; Aceti et al. 2002; Bonacini et al. 2002) with resulting aflatoxin build up in their blood. Thirty per cent of the study participants were on ARVs.
It was not surprising to find that the HIV-positive participants had significantly higher levels of total protein, higher total and indirect bilirubin, higher ALT and AST levels and lower serum albumin levels than the HIV-negative participants (Table 2 ). Several antiretrovirals have been shown to be associated with elevations in liver enzymes (Bonacini et al. 2002) . Indeed serum aminotransferases ALT and AST have been identified as useful markers of liver cell injury (Wu et al. 2004) . Lower plasma albumin levels indicate that the synthesis function of the liver is compromised in these HIV-positive participants. Bilirubin is a specific signal of hepatic injury and elevated serum bilirubin was found in up to 5% of HIV patients treated with HAART (Bonacini 2004) . Previously, Tao et al. (2005) reported a close association between AF-ALB levels and direct bilirubin levels in non-HIV infected minors, a close association of AF-ALB with albumin and other liver function tests in HIV infected minors (less than 18 years) and a close association between AF-ALB and indirect bilirubin in non-HIV-infected adults. Other authors have reported increase in plasma/serum bilirubin as a result of aflatoxin treatment in rats (Rastogi et al. 2000) and rabbits (Raval et al. 1993; Guerre et al. 1997 ). In the latter study increase in conjugated (direct) bilirubin was comparatively higher than increase in unconjugated (indirect) bilirubin. Higher total bilirubin levels indicate liver cell damage or bile duct damage within the liver while elevated direct or conjugated bilirubin indicate decreased bilirubin secretion from the liver or bile duct obstruction. It is likely that aflatoxin may contribute to the suboptimal liver function test results we obtained, since aflatoxins have also been shown to be independently associated with impaired liver function and hepatocellular carcinoma (Coulter et al. 1986; CDC 2004; Strosnider et al. 2006) . The findings of significantly higher levels of direct bilirubin in association with high AF-ALB by logistic regression and of significantly higher levels of total and direct bilirubin by linear regression indicate that bilirubin levels are elevated with high aflatoxin exposure and that bilirubin may prove to be a useful indicator of high AF-ALB in HIV-positive people in aflatoxin prone areas. Also, the linear regression results showed an association between lower levels of albumin and high AF-ALB levels indicating that aflatoxin also compromises the synthesis function of the liver in HIV-positive people.
The most interesting finding was that of significantly higher viral load levels (almost threefold) among HIV-positive participants with high AF-ALB levels compared with those with low AF-ALB levels by multivariate analysis. AFB 1 has been reported to cause significant (five-fold) increase in the chloramphenicol acetyltransferase (CAT) reporter gene linked to the promoter sequences in the long terminal repeat (LTR) of HIV-1 (Yao et al. 1994) . This increase in the rate of proviral transcription is determined by interaction between cellular transcription factors and their cognate sequences in the LTR. The mechanism by which AFB 1 increased HIV-1 transcription has not been reported. TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) has been shown to increase infectious HIV-1 titres in experimental systems (Pokrovsky et al. 1991; Tsyrlov and Pokrovsky 1993) . AFB 1 was more potent in increasing CAT activity than TCDD. Although the study is cross-sectional, this finding that HIV-positive participants with higher AF-ALB levels also have higher viral load is significant given that aflatoxins have previously been shown to be associated with immune suppression in numerous animal studies (Pier 1986; Pestka and Bondy 1994; Gabal and Azzam 1998; Marin et al. 2002) , in Gambian children (Turner et al. 2003) , and HIVnegative and positive Ghanaians (Jiang et al. 2005 (Jiang et al. , 2008 . Perhaps aflatoxins and HIV may act synergistically to suppress immunity and consequently lead to higher viral loads.
It is also possible that aflatoxins by their effect on the liver and in suppressing the immune system contribute to other subtle differences in the presentation of HIV/AIDS in subSaharan Africa and other regions of the developing world compared with developed countries where aflatoxin contamination of food crops is not as rampant. Given the significance of these findings, research is urgently needed which would employ more rigorous study designs to shed more light on the possible role of aflatoxins on liver disease and viral load in HIV-positive people. This finding of increased viral load in association with high AF-ALB levels is poignant given that with the advent of HAART, HIV is now largely a chronic disease. If aflatoxins truly act in synergy with HIV and HAART to damage liver function, the taking of HAART would only be a part measure towards a holistic management of HIV/AIDS disease. A comprehensive approach would require a multidisciplinary strategy towards managing HIV patients that involves ways to reduce their exposure to aflatoxins in meals. This would imply educating affected communities on adopting better pre-harvest and crop storage methods, providing an enterosorbent such as NovaSil or drugs such as oltipraz (Wang et al. 1999 ) which have been demonstrated to reduce serum AF-ALB, and implementing policy changes that would improve agricultural methods and enforcement of known allowable limits for aflatoxins in food meant for human consumption.
The study has several potential limitations. The most apparent is its cross-sectional nature which prevents establishment of 'cause and effect' relationships. Therefore, the study is invariably a preliminary report of associations and should only be interpreted as such. The findings should lead the way for the use of more vigorous study designs to test the observed associations. Since HIV-positive individuals have a myriad of clinical conditions which have similar or overlapping pathophysiological pathways, it is difficult to extricate if observed associations are as a result of HIV infection per se, HIV treatment, or a result of other accompanying or opportunistic infections. Thirdly, since we measured only AF-ALB, due cognizance must be taken of the fact that there are other mycotoxins such as fumonisins which occur in food (Kpodo et al. 2000) that may have similar actions. The practical implications of the findings relate to the possible role aflatoxins may play in the progression of liver disease and HIV/AIDS and how aflatoxins may impact outcome of HIV treatment and management in areas where exposure to the toxin especially in food is ubiquitous. Distribution of aflatoxin B 1 -albumin adduct (AF-ALB) levels (pmolmg −1 albumin) among the HIV-positive, HIVnegative and total study participants. AF-ALB levels for both the total study group and the HIV-positive group ranged from 0.00 to 3.48 pmolmg −1 albumin. The mean ± SD for the total and HIV-positive groups were 0.99 ± 0.54 and 1.06 ± 0.60 pmol mg −1 , respectively. For the HIV-negative group AFB 1 levels ranged from 0.12 to 3.00 pmol mg −1 albumin (mean ± SD=0.91 ± 0.46 pmol mg −1 ). 
